In this paper, the composite latex particles with a polyacrylate (PA) core and a polydimethylsiloxane (PDMS) shell via 3-(methacryloxypropyl)-trimethoxy silane (MPS) as the medium to link the core and shell were prepared by semicontinuous seeded emulsion polymerization and were characterized by transmission electron microscopy (TEM), FT-IR, particle size analyzer and X-ray photoelectron spectroscopy (XPS). The TEM images indicated that the particles containing organic siloxane (D-40) displayed an evident core/shell structure. Additionally, the study by FT-IR and XPS also revealed that D 4 could be grafted onto the surface of polyacrylate core because there appeared the characteristic peaks of Si-O-Si group and Si 2s and Si 2p in the spectra of FT-IR and XPS respectively. Besides, the atomic ratio of C/Si on the surface of the core/shell particles (D-40) was close to the ratio of C/Si in the latex of pure PDMS that could prove the PA particles were fully covered by PDMS and the properties of PDMS should be embodied in a maximal level. In order to testify the result, the surface properties of the films produced from the core/shell particles were also investigated by the static contact angle method. Compared with the copolymer of PA, the core/shell particles were more effective to create hydrophobic surface, so, the introduction of D 4 was capable of obvious increase in water repellency.
Introduction
Organic-siloxane and its polymer, due to the obvious advantages of water repellency, lubricity, weather resistance, high flexibility, low glass transition temperature, low surface energy, and so on, have attracted much attention [1, 2] . However, their utilization is limited because of their poor cohesiveness and the poor film-forming properties. Lots of work has been done to overcome such flaws; polyacrylate was widely used as one of the most desirable material for it's excellent properties in cohesiveness and film-forming compared with polysiloxane [3, 4] . It's common knowledge that the greater the difference between the combining polymers; the more likely synergistic properties will result from the combination. The combination of polyacrylate and polysiloxane has been shown important in the composite material field, especially in core/shell particles fields [5] [6] [7] . Thus, organic-siloxane and acrylate polymers have been used to a progressively greater extent in surface coatings such as for water repellency for textile [8] , paper [9] , and leather [10] .
Many studies about core/shell particles containing organic-siloxane and acrylate were reported in recent years, but most of the studies focused on the core-shell particles with a silicone core and an acrylic copolymer shell [11, 12] . It is easy to obtain core/shell particles by seeded emulsion polymerization when hydrophobicity of the core polymer is stronger than that of the shell polymer. It well known that the hydrophobicity of ployacrylate and polysiloxane is considerably different, as a result, almost all research has involved unanimously the synthesis of PSi/PA core/shell particles. Only a few studies describe the synthesis of core-shell particles with an acrylic copolymer core and a silicone shell by seeded emulsion polymerization [5, 13，14] . Cheng-you Kan and the co-authors have reported on the synthesis of polyacrylate-polysilicone core-shell particles using hydrophilic acrylic monomers in the first stage and siloxane in the second stage with the method of seeded emulsion polymerization [7] . Owing to using too much SDBA as catalyzer and emulsifier in the second stage, there were lots of newly formed micelles, which could be regarded as the initiating location, thus, some new particles would be generated only with PDMS in it but not form the core/shell structure of PA/PSi. In the present study, no emulsifier was added in the second stage that could guarantee not to generate new particles, the chances for forming PA/PSi particles would obviously increase. Once the desirable core/shell particles with PDMS in the shell were successfully prepared in this work, the excellent properties of polysilxoane would be fully manifested. As a result, the further investigation about how to prepare the particles with polysiloxane in the shell is undoubtedly necessary.
Since there exist strong difference in hydrophobicity between polysiloxane and polyacrylate, even if the PA core was prepared in the first step and polysiloxane was formed in the second step, the morphological PA-PSi particles would be hard to obtain because the PA-PSi particles are often reversed to form the morphological PSi-PA particles unless the cross-links method was used in such process. So, for preventing the two phases being inverted with each other, cross-linker was used in the study, at the same time, the use of MPS could hydrolyze in the presence of hydrochloric acid to form net structure to cover the surface of the particles, which could further prevent the phase reversal. The core/shell particles were characterized by transmission electron microscopy, X-ray photoelectron spectroscopy, FT-IR and particles size analyser, additionally, the surface hydrophobic property of the films made from the particles was investigated by static contact angle method.
Results and discussion

Latex seeds synthesis
The seeded particles were prepared by free radical polymerization with APS as initiator, SDBA and Span-20 as surfactant, the recipe as shown in Table 1 and the average diameter of PA is about 89 nm. At the end of the first stage, the conversion of the reaction was determined gravimetrically in an independent experiment could reach about 90%, which could prove that almost all monomer had participated the reaction.
Seeded emulsion polymerization
In all the experiments done in the present study, a quantitative surfactant concentration and weight ratio were performed in both the first and second stage. In the experiment, MPS was chosen as bridging agent to link the core and the shell, because it contains double bond and Si(OCH 3 ) 3 groups. When radical polymerization was performed, the hydrolysis of Si(OCH 3 ) 3 groups would be processed at the same time [13] .
Since Si(OCH 3 ) 3 groups may easily hydrolyze in acidic condition, the pH value in the system was adjusted about 1 [17] . When the Si(OCH 3 ) 3 groups have hydrolyzed to form Si-OH in acid condition, the group of Si-OH will participate in two kinds of reactions: one is the condensation of Si-OH which could generate the Si-O-Si groups, covering the surface of the particles like a meshwork which could prevent the reversion of the two phases; The other one is ring-opening polymerization of D4, during which polysiloxane could be grafted onto the surface of the particles. So, the dosage of MPS is extremely important in forming the core/shell particles. When too much of Si-OH groups participated in the first reaction, the grafted quantity of D4 would decrease consumedly. As a result, the preconceived core/shell structure could not be obtained. As for this problem, the second way (see Exp. Sec.) was devised. Namely, a small amount of D4 was added into the system. It would fulfill the interspaces of the Si(OCH 3 ) 3 groups, which could reduce the former kind of reaction. This could prevent the occurrence of coagulate phenomena and increase the probability of grafting of D4 [18] . Residual D4 could be grafted onto the surface of polyacrylate. The structure chart was shown in Fig. 1 . 
Morphology and the characterization of the core/shell particles
The core/shell particles were prepared by semi-continuous emulsion polymerization under kinetically controlled conditions as described above. When the conversion of acrylate monomers reached about 85%, the addition of MPS in the first stage was performed to form the bridge at the periphery of the polyacrylate. As displayed in Fig. 2 , the off-white part and the dark circle were PA core and PDMS shell respectively as expected [18] . The core/shell particles diameter of PD-10 and PD-40 are approaching 109 and 142μm, which is consistent with the results measured by particle size analyzer.
The particles size distribution of the polyacrylate particle seed and the core/shell particles PA-MPS and PD-30 measured by the particle size analyzer were shown in Fig. 3 . In this case, the average particle size of the core and the subsequent core/shell particles determined by light scattering was 94 and 136 nm respectively. From Fig. 3 , it was found that the average diameter size evidently increased after the addition of D 4 . Furthermore, because there did not supply the new surfactants, there are no new micelles formed in the second stage. As a result, it can be assumed that the organic-siloxane have been grafted onto the surface of polyacrylate particle. Besides, as shown in Fig 4 , the average diameter of latexes gradually enlarged correspondingly to the D4 dose. Namely, the thickness of the shell was augmented from PA to PD-40, which agreed well with the additional amount of D4. The influence of time on particles size in the second stage was also taken into account, when the reaction lasted 4 h in the second stage, the average particle size and the particle size distribution were similar to that of 6 h, which could be interpreted almost as that the monomer of organic-siloxane had been successfully grafted onto the surface of polyacrylate particles.
FT-IR analysis
At the end of the reaction, the conversion of the monomer reached 95% (determined gravimetrically in an independent experiment), which was consistent with the view that almost all the monomer had participated in the reaction. a b To confirm the PA/PDMC core/shell material had been prepared in the experiment, we adopted the Soxhlet extraction with n-hexane as solvent to remove unreacted monomer from the composite polymer. The typical IR spectrum of the extracted composite polymer is shown in Fig. 5(a) . The peaks at 2957.9, 2871.7, and 1735 cm -1 was associated with CH 3 , CH 2 , and C=O of stretch of the poly (BA-co-MMA), respectively. There were no peaks corresponding to C=C stretching and C-H stretching at 1645 cm -1 and 3102 cm -1 which suggested that almost all the monomer had participated in the reaction and there were no C=C bonds left in the system.
In addition, there are appearances of many new characteristic peaks in the spectrum: the characteristic peaks at 1256.9 cm -1 and 801.2 cm -1 , were contributed by the group of Me 2 SiO (D) in the structure of PDMS. At the area of 840 cm -1 , there was a middle strong peak, which could be ascribed to Si-CH 3 symmetric deformation, stretching vibration; Si-O-Si asymmetric stretching appear in the range 1000-1157 cm -1 . Besides, at the area of 1090 cm -1 to 1075 cm -1 , there was no clear peaks, that is to say, almost of D 4 have participated the polymerization and no monomer was left. In addition, there were no peaks concerning about HMDS at the region of 1080 cm -1 to 1040 cm -1 . All these data could prove that almost all organic-siloxane had participated in the polymerization and no monomer left.
The IR spectra of pure poly (BA-co-MMA) and polysiloxane are also shown in Fig.  5 (b1) and (b2). From these spectra, it is further clear that polysiloxane had been successfully grafted to poly (BA-co-MMA) particles.
The measurements of XPS
The surface properties of polymer are very important for understanding their physical, chemical and optical properties. Though the investigation can be obtained by the normal analytic techniques, such as NMR and IR, it cannot deeply probe the structure and bounding state of high polymer in subsurface level even in the extreme layer [19, 20] . It is common knowledge that the positions of the main peak of chemical elements are seldom overlapped in elemental analysis, so the main peak may be reckoned as the fingerprint region of the given elements, in this case, almost every element in sample can be measured and the atomic ratio also can be obtained from the elemental analysis. The technology of XPS has been widely used to study composition of elements containing the Si element and the atomic ratio of C/ Si in this field [21] [22] [23] . Clearly, if D 4 had been successfully grafted onto the surface of PA particles, there would be present the characteristic peaks of Si and the atomic ratio of C/Si in the given sample will agree well with those of C/Si in the molecule of PDMS. To confirm this idea, the elements on the surface of the core/shell particles were measured by XPS.
The characteristic peak of Si 2s and Si 2p in Fig. 5 manifested that the present of Si element on the surface of the core/shell particles was evident, that is to say, the monomer of D 4 had been successfully grafted onto the PA particles [21] . For PD-10, accordingly, the compositions of its core/shell particles measured by XPS were mainly made of emulsifier, acrylate monomers copolymer and acrylate-MPS-D 4 copolymer. So, the appearance of Si element peak was logical and consistent with the conclusion that the atomic ratio of PD-10 (C/ Si=6.9) was larger than that of C/Si (2.35) of PDMS latex in Table 1 . For MPS-40 in Fig. 6 , on the other hand, the characteristic peak of Si 2s and Si 2p become more spectacular compared with those in Fig. 4 , and the atomic ratio (C/Si～2.74) of PD-40 was close to the C/Si (2.35) of PDMS in Table 1 . It suggested that the homo-polymer of PSi almost completely occupied the surfaces of PD-40 [24] and the core/shell particles (PA/PSi) prepared in the present study did not invert to form the possible extreme morphology of the particles (PSi/PA). As a result, this also further demonstrated that the core/shell particles (PA/PSi) had been successfully prepared in the present study. 
Contact angle measurement
Polysiloxane have been widely used in textile finishing and leather for imparting desirable properties such as softness, crease resistance and particularly water repellency [25, 26] . As one of the most useful monomer, D 4 could be used to produce high hydrophobia. To achieve this property, the surface of materials needs to be covered with siloxane. In the core/shell particles prepared in this study, if the polysiloxane shell encloses the core completely, the surface hydrophobia of the core/shell particles would be identical to that of PDMS homo-polymer in principle. To confirm this idea, the surface property of the particles was measured by static contact angle method. It can be generally recognized that the contact angle is sensitive to the hydrophobic moieties, if no other disturbing factors such as surface roughness and heterogeneity are available [26] . The (SiO(Me)2) group of D 4 can create water repellency in the form of membrane resulting from the core/shell particles. As is apparent, the core/shell particles prepared in the present study should in principle have higher advancing water contact angle than the particles not containing polysiloxane due to the hydrophobia of polysiloxane in the shell. Fig. 8 , the contact angle of water evidently increased with the increase of the content of D 4 , it revealed that the effect of water repellency became more obvious with the increase of D 4 monomer amount.
Fig. 8. Surface contact angle (water).
Additionally, as shown in Fig. 8 , the film formed by the homo-polymer of D 4 had the biggest contact angle (97 0 ), which nearly approached that of PD-40 (92 0 ), and thus, it could be considered that the extreme layer of the particles in PD-40 were filled with PDMS and possessed the same function of the homo-polymer of D 4 . The results might be ascribed to the hydrophobia of PDMS in the shell and agreed well with the findings that the polysiloxane exhibited higher advancing water contact angle in other literatures as well [27, 28] .
Conclusions
It was shown that the core/shell particles with organic-siloxane in the shell could be prepared by semi-continuous emulsion polymerization under kinetically controlled conditions. The core/shell particles morphology was examined by transmission electron microscopy, and it was found that there was a clear core/shell structure.
The size augments of the core/shell particles determined by particle size analyzer showed that the thickness of the shell corresponded to the amount of the D 4 monomer added in the reaction system. Besides, the comparative experiment also confirmed that the core/shell (PA/PSi) particles prepared in this work was impossible to invert to form the particles of (PSi/PS). In addition, the core/shell particles were characterized by X-ray photoelectron spectroscopy. The atomic ratio of C/Si in the sample of PD-40 approached the ratio of C/Si in the molecule of D 4 . This indicated that D 4 have been successfully grafted onto the surface of polystyrene particles and there were only homo-polymer of D 4 in the extreme layer of the core/shell particles. The contact angle method revealed that the water repellency of PD-40 were almost identical to that of homo-polymer of D 4 , that is to say, D 4 had been grafted onto the surface of polystyrene particles and the extreme layer was coated fully by polysiloxane according with the results of XPS.
Experimental section
Materials
Butyl acrylate(BA) and Methyl methacrylate(MMA) were obtained from Xilong Chemical Co. (China), Trihydroxymethyl propane triacrylate(TMPTA) was obtained from Tianjiao Chemical Co. (China), Octamethylcyclotetrasiloxane(D4), 3-(methacryloxypropyl)-trimethoxysilane (MPS) and hexamethyldisiloxane (HMDS) were provided by 4th Petrochemical Plant (China) and Yudeheng Couple Agent Factory (China), respectively, all the monomer was purified with vacuum distillation prior to use. Dodecylbenzene sulfonic acid (DBSA, catalyst and surfactant for D4 polymerization), Sorbitani monolaurate (Span20), and ammonium persulfate (APS) were used as received without further treatment.
Polymerization procedures
-Synthesis of the seed latex particle With ammonium persulfate (APS) as initiator and distilled water as solvent, a series of polymerization under comparative conditions was done. All reagents including ammonium persulfate (APS), sorbitan monolaurate (Span20), butyl acrylate(BA), methyl methacrylate(MMA), trihydroxymethyl propane triacrylate(TMPTA) and residual water were put into a 100 ml of four-necked flask fitted with a mechanical stirrer, nitrogen inlet and reflux condenser at the same time. After de-airing with nitrogen for 30 minutes, the polymerization of acrylate monomers was conducted at 80 0 C for 2 hours. The conversion of acrylate monomers, determined by gravimetrical method in each independent experiment, could reach about 90%. After the reaction, the pH value of the system was adjusted by the addition of aqueous ammonia to 6-7. The recipe is shown in In the second stage, the latex (30g), water (35g), 3-(methacryloxypropyl)-trimethoxysilane (MPS) (0.60g) and APS (0.056g) were added into the four-necked flask, after 1 h of polymerization at 80 °C in nitrogen atmosphere, the following seeded emulsion polymerization was carried out with two different processes just as described below:
(1) First, HCl (katalyst) was added into the system to make the pH value ~1, then Octamethylcyclotetrasiloxane (D 4 ) with the hexamethyldisiloxane (HMDS) was continuously dropped into the system, the reaction was prolonged for another 6 h at reaction temperature (80 °C).
(2) After the pH value of the system was controlled to ~1, about 1/5 amount of D 4 was added into the flask and reacted for half an hour, then the residual D 4 with the HMDS was gradually dropped into the reactor within 30 minutes at 80°C, followed by an extension of polymerization time of 6 h.
After the reaction was over, the temperature was lowered to room temperature. Finally, NH 3 ·H 2 O was added to control the pH value of the final latex at the range of 6 to 7. The core/shell (PA/PDMC) particles prepared. To discuss easily, the concomitant data (D) to DMC (such as D-10, PD-20, PD-30 and PD-40) was obtained according to the formula D%=W D4 / (W D4 +W BA, MMA ).
Characterization methods
-Particle size measurement
Particles size was determined by dynamic light scattering (DLS) using a Malvern Master Sizer/E particle size analyzer (UK) with a detection angle of 90°. The measurements were carried at 23 °C on highly diluted samples in order to rule out interaction and multiple scattering effects. The intensity average diameter was computed from the intensity autocorrelation data using the cumulant analysis method [15] .
-Measurement of XPS
The XPS measurements were made on a KRATOS Analytical AXISHSi spectrometer with a monochromatized Al Ka X-ray source (1486.6 eV photons) at a constant dwell time of 100 µs. A concentric hemispherical analyzer (CHA) was performed in the constant analyzer transmission mode to measure the binding energies of emitted photoelectrons. The binding energy scale was calibrated by the Au 4f7/2 peak at 83.9 eV as well as Cu 2p3/2 peak at 76.5 and 932.5 eV.
-Measurement of TEM and FT-IR Latex particle morphology was observed by TEM. First a certain quantity of final emulsion was diluted properly by distilled water, and then dyed by phosphotungstic acid solution (pH-6.4). After filming on copper, photos were taken to observe the particle morphology by TEM-100SX (JEOLLTD, Tokyo, Japan). The Fourier Transform Infra-Red (FTIR) spectra were recorded on powder pressed KBr pellets using NICOLET MX-1E spectrometer.
-Film Formation and Static Contact Angle Measurements
A cleaned glass template was spread with core/shell particles solution and allowed to dry at room temperature; and then, the glass template was put in a vacuum oven (DZF-6050, Shanghai, China) for 24 h at 60 °C to remove the solvent for the formation of film. To measure the static contact angle, a drop of water or liquid paraffin was formed on the testing surface by applying force on a syringe equipped with a repeatable dispenser and a needle. The static contact angles could be obtained by the sessile drop techniques on an optical contact angle goniometer (ERMAG-1, Japan) [16] . In each experiment, a drop of deionized water was placed at room temperature on the sample of glass template and the contact angle measurements were taken by direct reading from the contact anglegoniometer. The reported values are the average of three measurements conducted on different parts of the sample surface.
